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Synopsis




                                             SYNOPSIS
	
                  The thesis entitled “Stereoselective Total Synthesis of (+)-Varitriol and Studies involving Cyclodextrins in Organic Synthesis” has been divided into three chapters. Chapter-I is divided in to Section A dealing with the brief introduction of cancer and Section B summarizes organic synthesis involving cyclodextrins. Chapter-II describes stereoselective total synthesis of (+)-varitriol. Chapter-III deals with β-Cyclodextrin promoted organic synthesis in water and has been divided into three sections. Section A describes regioselective nucleophilic opening of epoxides in the presence of β-Cyclodextrin in water, Section B represents regioselective nucleophilic opening of aziridines in the presence of β-Cyclodextrin in water and Section C summarizes β- Cyclodextrin promoted addition of benzeneselenol to conjugated alkenes in water.


CHAPTER-I      INTRODUCTION   

Section-A. A brief introduction to cancer.
                      
                  Natural products are an important source of new structures leading to drugs in all major disease areas. The natural sources like plants, terrestrial micro organisms and marine organisms have been in the focus for the search of new drug candidates. Natural products are organic compounds that are formed by living systems. In this context, organic synthesis can facilitate the preparation of these bioactive compounds and can even create the simplified analogs which can show same or more activity. Herein, we describe a short history of cancer since our synthetic molecule (+)-varitriol exhibits various types of anticancer activity.
                  The body is made up of many types of cells. These cells grow and divide in a controlled way to produce more cells as they are needed to keep the body healthy. When cells become old or damaged, they die and are replaced with new cells. However, sometimes this orderly process goes wrong. The genetic material (DNA) of a cell can become damaged or changed, producing mutations that affect normal cell growth and division. An Abnormal growth of these cells (usually derived from a single cell) are called a disease cancer. The cells have lost normal control mechanisms and thus are able to expand continuously, invade adjacent tissues, migrate to distant parts of the body and promote the growth of new blood vessels from which the cells derive nutrients. 
                  The first step in the cancer development is initiation, in which a change in the cell's genetic material primes the cell to become cancerous. The second and final step in the development of cancer is promotion. Unlike carcinogens, promoters do not cause cancer by themselves. Instead, promoters allow a cell that has undergone initiation to become cancerous. 
                  All cancers begin in cells, the body's basic unit of life. Cancer is not just one disease but many diseases. Most cancers are named for the organ or type of cell in which they start. Many factors influences the cancer, i.e external factors such as exposure to chemicals, X-rays, UV-radiation, family history and genetical factors, environmental factors, diet, drugs and medical treatments, infections, inflammatory disorders and viruses.
                The treatment given for cancer is highly variable and dependent on a number of factors including the type, location and extent of disease and the health status of the patient. New drugs, new combinations of chemotherapy drugs and new delivery techniques are the expected advances in the coming years for curing or controlling cancer and improving the quality of life for people with cancer. 
                  Herein, the stereoselective total synthesis of (+)-varitriol, an anticancer molecule, is described. 

Section-B- Organic synthesis involving cyclodextrins.

                  Mimicking enzymes in their capability to bind substrates selectively and catalyze chemical reactions is one of the important emerging areas of bioorganic chemistry. Biomimetic refers to the study of biological structures, their function and their synthetic pathways, in order to stimulate and develop these ideas into synthetic systems similar to those found in biological systems. These biomimetic (​http:​/​​/​en.wikipedia.org​/​wiki​/​Biomimetic" \o "Biomimetic​) architectures can be used to learn about both the biological model and the synthetic implementation.  This inspires new chemistry based on the principles used by Nature, a field that Ronald Breslow has named as “biomimetic chemistry”. Thus, mimicking of biochemical selectivity, which shows shape and substrate selectivity with the reactions being carried out in water will be superior to chemical selectivity.
                  Of particular interest are the water-soluble hosts with hydrophobic cavities, which mimic these biochemical interactions. Amongst them, cyclodextrins which are cyclic oligosaccharides have excited much interest as enzyme models. Cyclodextrins (CDs) possessing hydrophobic cavities, bind substrates selectively and catalyze chemical reactions with high selectivity. They catalyze reactions by supramolecular catalysis involving reversible formation of host-guest complexes. Complexation depends on the size, shape and hydrophobicity of the guest molecule. Thus mimicking of biochemical selectivity, which is due to orientation of the substrate by complex formation positioning only certain region for favorable attack, will be superior to chemical selectivity, which involves random attack due to intrinsic reactivity of the substrate at different regions. Cyclodextrins being chiral can also induce asymmetric reactions.
                  The work described hereunder is undertaken utilizing the concept of supramolecular catalysis involving cyclodextrins.

CHAPTER-II: STEREOSELECTIVE TOTAL SYNTHESIS OF (+)-VARITRIOL
                   
                  Marine organisms have provided a seemingly endless parade of novel structures. Marine natural products fascinate researchers to an important area of drug development due to their rare structural entities and diverse biological activities. The ocean is considered to be a great source of potential drugs, called the ‘mother of origin of life’ and is the source of structurally unique natural products that are mainly accumulated in living organisms.
                  Marine fungi are an important source of marine natural products, exhibiting variety of biological activities. Amongst them (+)-varitriol, isolated from the the fungus Emericella variecolor, has shown 100-fold increased potency towards the renal, breast and CNS cancer cell lines tested within the 60 cell line panel of the National Cancer Institute (NCI).
                  Stereoselective total synthesis of (+)-varitriol, an antitumour natural product, was accomplished by two versatile strategies starting from the commercially available D-(–)-ribose and ethyl (S) lactate. The key steps involved in the synthesis of the target molecule are epoxidation, cyclization, dihydroxylation and Diels–Alder reaction.


                  
                  In the present investigation, an attempt was made to install the required stereocenters from the commercially available D-(–)-ribose. It was envisioned that the furanoside part of the natural (+)-1 can be derived from D-(–)-ribose and the aromatic moiety from propargyl alcohol respectively.
                  The synthesis of the furanoside part of (+)-1 was initiated from D-(–)-ribose and the sequence of reactions are depicted in Scheme 1. 2,3-O-isopropylidene-D-ribofuranose 2 (synthesized from D-(–)-ribose) was treated with excess MeMgI to yield 3 which upon oxidative cleavage with NaIO4 gave a lactol. Wittig olefination using carbethoxymethylene triphenylphosphorane resulted in ,β-unsaturated ester 4 with predominant Z selectivity in 44% yield (Z:E, 2:1). Both the isomers were separable by silica gel column chromatography and the ester 4 was subjected to reduction with DIBAL-H to provide the precursor 6 in 75% yield. Compound 6 was subjected to epoxidation with m-CPBA to furnish a mixture of epoxide and cyclic diol. Although, the epoxide could not be purified from this reaction mixture, it cyclized to form diols 7 and 8 during chromatograhy. These diols were obtained in 55% yield in the ratio of 1:1. Subsequently, though an attempt was made to cyclize the crude epoxide using CSA, no significant improvement in the yields of the diols could be noticed. Then, the allylic alcohol 6 was subjected to Sharpless epoxidation to give a diol which was identical in all respects to 8 formed by the reaction of m-CPBA. The stereochemistry of 8 having been established, the other isomer 7 which is of the right stereochemical configuration for the synthesis of (+)-1 was advanced further for cross metathesis reaction.


 
                  Since the key intermediate 7 formed from D-(–)-ribose for cross metathesis reaction was only to an extent of 27.5% in the mixture of diols (7 & 8),  the synthesis of the furanoside moiety starting from ethyl (S)-lactate, a commercially available synthon, was also explored as shown below.
                  As depicted in Scheme-2, the protected lactaldehyde 9 (obtained from ethyl (S)-lactate) was subjected to olefination reaction using Still-Gennari procedure to afford the corresponding ,β-unsaturated ester 10 with prominent Z-stereochemistry in 77% yield. Compound 10 on reduction with DIBAL-H gave the corresponding alcohol 11 (85%) which was later oxidized under Swern reaction conditions to give the corresponding aldehyde. Wittig olefination reaction with stabilized Ph3P=CHCO2Et ylide afforded 12 (78%) with predominant trans-selectivity. DIBAL-H reduction of 12 followed by Sharpless epoxidation gave 14 in 75% yield. Initially, it was proposed to synthesize the dihydrofuran ring by opening the epoxide after deprotection of silyl ether, however, desilylation of 14 with TBAF gave a mixture of dihydrofurans 15 and 16 (75:25) along with small amounts of the uncyclized compound. Therefore, the reaction mixture was treated with CSA to ensure the complete cyclization and the major diol 15 was separated in 68% yield.


            
                  The next goal was the dihydroxylation of the double bond of 15 to introduce hydroxyl groups with high diastereoselectivity for an efficient varitriol synthesis. Initially the diol 15 was protected with acetonide and dihydroxylation was carried out using OsO4 in the presence of NMO to yield the secondary diol 19a as an inseperable mixture. To explore the separation of this diol, it was again protected with acetonide but to our dismay the corresponding diols 20x and 20y were found to be formed in poor diastereoselectivity (70:30). Therefore, an attempt was made to improve the diastereoselectivity by changing the protective group of the diol 15 with TBS followed by dihydroxylation (19b) and acetonide protection which gave 21 with maximum diastreoselectivty (95:5). This may be not only due to 2, 5-syn hydrogens, but also due to bulkiness of TBS substituent, dictating the approach of OsO4 from the more sterically accessible top face (Fig.1). Due to clarity of proton interactions, the stereochemistry of the major diastereomer 20x was assigned by the key NOE correlations (Fig. 2). The H-6 of CH3 proton has shown NOE correlation with H-4 which is syn to H-3 where as both H-3 and H-4 correlated with -CH3 of the acetonide ring. H-2 and H-5 protons correlated with each other and H-2 correlated with H-7. All these correlations confirmed stereochemistry of the compound 20x.


                       
                  With this step two important things were achieved. Firstly, the correct stereochemistry was introduced in the two stereocenters of the furanoside moiety and second, high degree of diastereoselectivity was achieved using TBS substituent. Then TBS group of 21x was deprotected with TBAF to give the required diol 22 for the formation of olefin 23 in the next step.




                  The diol, 7 or 22 (7 obtained from D-(–)-ribose or 22 from ethyl (S)-lactate) was treated with TPP, imidazole and iodine in toluene at 50 oC to afford 23 in 75% yield (Scheme 4). Since this compound showed exactly the opposite sign of optical rotation compared with Jenning's molecule, it was concluded that the product 23 was of the right configuration required for the cross metathesis reaction in the next step. With the successful synthesis of the furanoside moiety,   the synthesis of the aromatic part was undertaken.
                  Scheme 5 depicts the synthetic sequence developed for the synthesis of aromatic part. Initially, propargyl alcohol was protected as PMB ether 24 and was converted to 25 in excellent yield by deprotonating acetylenic proton with n-BuLi followed by quenching with ethyl chloroformate. The required 1-methoxy cyclohexa-1,4-diene was prepared from anisole by Birch reduction which on treating with dienophile 25 in the presence of catalytic amount of dichloromaleic anhydride in a sealed tube at 180 oC for 7 h gave the adduct 26 in 75% yield.
                  

                  Deprotection of PMB group of 26 unexpectedly led to the formation of lactone 27. To overcome this drawback, the ester 26 was initially subjected to reduction with DIBAL-H in CH2Cl2 to obtain the primary alcohol 28 which was protected as TBS ether to get 29 (90%). Next, the cleavage of the PMB ether was carried out using DDQ in CH2Cl2 and pH 7 buffer to furnish the alcohol 30 (72%), which on Dess–Martin periodinane (DMP) oxidation followed by Wittig olefination with Ph3PCH3Br gave the aromatic fragment 32 in 70% yield.


                  With the two fragments 23 and 32 in hand, merging of the two olefins was carried out with Grubbs cross metathesis reaction. Treatment of 23 and 32 with the Grubbs second generation catalyst in CH2Cl2 provided the protected varitriol in 55% yield. Deprotection of TBS and acetonide groups with 1N HCl in THF resulted in the target compound (+)-varitriol 1 in 70% yield. All the analytical data were in close agreement with the reported values.
                  In summary, the stereoselective total synthesis of (+)-varitriol was accomplished by two different protocols starting from the commercially available D-(–)-ribose and ethyl (S)-lactate. The highly diastereocontrolled routes illustrate the utility of epoxidation, cyclization, dihydroxylation and cross metathesis strategy for the synthesis of natural (+)-varitriol. (Tetrahedron 2010, 66, 8527-8535)









CHAPTER-III: β-CYCLODEXTRIN PROMOTED ORGANIC SYNTHESIS IN WATER 

Section A: Regioselective nucleophilic opening of epoxides in the presence of β-Cyclodextrin in water
                  
                  Three-membered heterocyclic rings offer an uncommon combination of reactivity, synthetic flexibility and atom economy. These smallest of the heterocycles also exhibit a synthetically very useful balance between stability and reactivity. Thus, they are often employed as versatile and selective intermediates. Amongst them epoxides are versatile intermediates in organic synthesis. These compounds are readily prepared from a variety of starting materials and inherent polarity and strain of the three-membered ring makes them susceptible to reaction with large number of reagents. Their synthetic potential is enhanced by their ability to undergo regio and stereo selective ring opening reactions with various nucleophiles.
                  Ring opening of epoxides with sodium cyanide yields β-hydroxy nitriles which are versatile intermediates for the synthesis of many naturally occurring bioactive compounds. The nitrile group is a precursor to both amino alcohols and carbonyl compounds.                          
                  Various drawbacks associated with reported methodologies are: severe reaction conditions in certain cases, commercial non-availability of some reagents, hygroscopic nature of catalysts, refluxing temperatures, anhydrous organic solvents, expensive and hazardous reagents, non recyclable catalysts, volatile and toxic nature of HCN etc. So far no success has been achieved in carrying out these reactions exclusively in water.



                  In order to overcome the severe limitations associated with the reported methodologies, an attractive procedure for the synthesis of β-hydroxy nitriles different from the classical approach was developed for the first time under supramolecular catalysis in water in the presence of -cyclodextrin. The role of CD appears to be not only to activate the oxiranes but also to promote highly regioselective ring opening via inclusion complex formation with cyclodextrin. β-Cyclodextrin was chosen as a catalyst since it is inexpensive, easily accessible and can be recycled.
                  In conclusion, this methodology provides an easy access to highly regioselective synthesis of -hydroxyl nitriles. Moreover, the reaction proceeds under neutral and mild conditions with recycling of the catalyst -cyclodextrin. These water-based reactions are mild, easy to handle, economic and eco-friendly. (J. Mol. Cat. A: Chemical 2007, 261, 1-5)

Section B: Regioselective nucleophilic opening of aziridines in the presence of β-Cyclodextrin in water                      
                  The aziridine functionality represents one of the most valuable three membered ring systems in modern synthetic chemistry. Aziridines are well-known carbon electrophiles and their synthetic potential is enhanced by their ability to undergo regioselective ring opening reactions especially for the synthesis of nitrogen containing compounds such as amino acids, heterocycles, alkaloids etc. It is named as the aza-ethylene or ethylenimine unit and the nucleophilic ring-opening of the aziridine derivatives represents one of the most valuable ring systems in modern synthetic chemistry because of its widely recognized versatility as significant building block for chemical bond elaborations and functional group transformations. Ring strain renders aziridine susceptible to ring opening that dominates their chemistry and makes them useful as synthetic intermediates.



                  Among the various methods reported so far in the literature, most of the procedures suffer from drawbacks such as use of expensive, hazardous reagents and catalysts, formation of regioisomers, longer reactions times, non recovery of catalysts etc. To overcome these limitations a new methodology has been developed to synthesize β-amino alcohols in water under neutral conditions in the presence of a recyclable catalyst β-cyclodextrin.
                  These CD mediated aqueous reactions are very useful from both economical and environmental points of view. This methodology demonstrates the successful use of -cyclodextrin in water for the ring opening of aziridines to produce -amino alcohols in good yields. (J. Mol. Cat. A: Chemical 2007, 261, 1-5)

Section C: β-Cyclodextrin promoted addition of benzeneselenol to conjugated alkenes in water.
                  C-Se Bond containing compounds are of great importance in organic synthesis as the key intermediates in various reactions. The Michael reaction since its discovery in 1889 is one of the most important reactions in organic chemistry. The conjugate addition of benzeneselenol to electron deficient olefins to form a carbon selenium bond constitutes a key reaction in biosynthesis as well as in organic synthesis. Thus, selenium-containing molecules are of considerable biochemical and pharmacological relevance. In particular, β-(phenylseleno)-substituted carbonyl compounds are well established as potential enone β-anion equivalents.
                  There are still some limitations in the reported methodologies such as unsatisfactory yields, being low to moderate in most of the cases, use of anhydrous solvents and toxic reagents etc. These conjugate additions also proceed by the in situ formation of benzeneselenol from diphenyl diselenide in the presence of catalysts such as La/I2, Na/CH3SiCl, In/CH3SiCl etc. Apart from this, benzeneselenol itself is sensitive to air. Thus, the development of new synthetic methods using selenium reagents under mild conditions would have significant synthetic value. 
                  With the green chemistry becoming a central issue in both academic and industrial research in the 21st century, the development of environmentally benign and clean synthetic procedures has become the goal of present day organic synthesis. Thus, there is need for developing Michael addition in water with a recyclable catalyst and without the use of any harmful organic solvents because water is safe, economical and environmentally benign solvent. To achieve these ideal conditions, Michael addition has been developed under supramolecular catalysis involving cyclodextrins with water as solvent. 


                     

                  These reactions do not generate any toxic waste products. This is the first practically feasible Michael addition reaction of benzeneselenol with a variety of conjugated alkenes in water. The reaction proceeds efficiently at room temperature without the need of any catalyst. This methodology is compatible with various ,-unsaturated ketones, aldehydes, esters, nitriles and amides under mild reaction conditions. No byproduct formation was observed. The hydrogen bonding of benzeneselenol with the CD hydroxyl makes the Se-H bond more weaker enhancing the nucleophilicity of selenium and making it a better nucleophile towards addition to electron deficient alkenes. Moreover, this method is very simple, high yielding and environfriendly.
                  In conclusion, the β-CD mediated addition reactions of benzeneselenol to conjugated alkenes in H2O are very useful both from economical and environmental points of view. β-CD, apart from being nontoxic, is also considered as metabolically safe . In contrast to the existing addition reactions with diselenides which are activated by metal catalysts, the present methodology is a straightforward transformation starting directly from benzeneselenol and the alkene in the presence of β-CD as the reusable catalyst in water. (Helv. Chim. Acta. 2009, 92, 1080-1084)
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